Introduction
discuss the differences between what they call the 'welfarist' and 'extra-welfarist' perspectives on economic evaluations of health interventions. The 'welfarist approach', characterized by Harrington and Portney (1987) and Berger et al. (1994) , aims to embed evaluations in welfare economics. The 'extra-welfarist' approach, characterized by Cuyler (1991) and Williams (1993) , aims to help decision makers maximize health from a given budget by 'replacing utility with health as the outcome of interest for evaluation' (Brouwer and Koopmanschap, 2000: 444) . While Brouwer and Koopmanschap take aim at the controversial assumptions underlying welfarist evaluations, this study shows that welfarist approaches convey information about individual behavior, which has implications for both health outcomes and health budgets.
This study bridges the gap between welfarist and extra-welfarist perspectives by estimating a household demand for insecticide-treated bednets (ITNs) that allows policy makers to balance the goal of cost recovery against the desire to guarantee that a certain fraction of the population receives protection from malaria and other vector-borne diseases. ITNs have helped to reduce the incidence of malaria and other vector-borne illness in various parts of Africa (Binka et al., 1997) , but their use as a health intervention raises an important policy question: should ITNs be provided privately or publicly? If they were sold privately, how many bednets would be purchased (at various prices)? This information would help public health agents balance the goals of cost recovery -which is necessary for a program to be self-sustaining -against the arguments for government subsidization of the program because of the externalities associated with the control of infectious disease.
We estimate the demand for bednets based on a survey of over 250 households in Tigray, an agricultural area characterized by seasonal, unstable malaria in the north of Ethiopia. At the time of our study, bednets Demand for insecticide-treated mosquito nets 325 were essentially unknown to households in Tigray as a method of treating ma1aria.l The Tigray Region Malaria Control Department was considering ITNs as an intervention to decrease the risk of malaria and other diseases.
To measure the demand for bednets, we asked the household head (or spouse) how many bednets he or she would purchase if they were available. This modified stated preference method asked respondents to choose the quantity of goods they would purchase at a given price, rather than their willingness to pay for a fixed quantity of good. This modification permits estimation of the household demand for bednets. Given the supply price of ITNs, the demand curve can be used to calculate the subsidy necessary to guarantee that a certain fraction of the population is protected, assuming the bednets are sold as private goods.
The demand curve can also be used to calculate the benefits of such a program if bednets are provided free of charge. While this is not a Hicksian compensated benefit measure, the area under the bednet demand curve between 0 and nl2 bednets (each bednet protects at least two people) approximates the compensating variation associated with purchasing n bednets.
The plan of the chapter is as follows. The household demand for bednets is derived in Section 15.2 by combining the health production model of Grossman (1972) with Becker's (1981) benevolent dictator model. Our modified stated preference method is described. Count regression models, in which the number of bednets purchased is constrained to be less than or equal to one-half family size, are used for the econometric representation of bednet demand. Section 15.3 describes the region where our survey was conducted, the status of malaria in the region, and our sample's experience with malaria. Section 15.4 contains estimates of the demand for bednets and uses the demand curve to estimate the benefits of a bednet distribution program. Section 15.5 discusses the extent to which results from Tigray can be generalized to other parts of Africa.
Theoretical model and study methodology
This section develops a model of ITN demand that combines Becker's (1 98 1) benevolent dictator model and Grossman's (1 972) health production modeL2 Becker assumes that a single individual, such as a head of household or their spouse, makes the consumption choices for the entire household. We assume that the decision maker's utility depends on the amount of a numeraire that each family member consumes (XJ, on each person's leisure time ( L J , and on the amount of time each family member is ill with malaria (SJ. Utility also depends on taste variables such as the decision maker's education, age, and gender (2) that affect the weight he or she places on children's versus adults' consumption and of health versus other goods. Assuming n family members, utility is given by U= u(XI, . . ., Xn, L,, . . ., L,, SI, . . ., sn, Z).
(1 5.1)
The time each family member is ill with malaria (SJ is, in turn, a function of preventive care, such as ITNs (AJ, and treatment, such as chloroquine (Mi). How effective these inputs are depends on individual health characteristics (HJ and, in the case of malaria, on the prevalence of mosquitoes (endemicity), E. Si = s(A, Mi, Hi, E).
(15.
2)
The amounts of preventive care, medical care and other goods each person consumes are constrained by the household's budget where Z;= ,Ii is non-earned income, wi is the wage of family member i and
( T is total time available to each household member.) The sum of these must equal household expenditures on consumption (the price of which is l), use of bednets (with pricepa), and treatment (with price p,). The decision maker selects values of X, L, A, and M to maximize household utility subject to the budget constraint and to the health production functions. This yields a household demand function for ITNs, where A* is the number of ITNs chosen by the decision maker This function indicates that demand for ITNs depends on household nonearned income, a vector of wages for each household member, as well as the prices of ITNs and mitigating health care, characteristics of the decision maker, baseline health of each individual, and the prevalence of the malaria vector.
The discrete nature of bednets suggests that equation (1 5.4) be estimated using a count data model, such as the Poisson. Since at least two people can sleep under each bednet, purchasing more than n/2 bednets cannot increase welfare. We estimate a truncated Poisson model which imposes the constraint that the household never purchases more than n/2 ITNs The count data were collected using a modified stated preference method in which the respondent was asked if he would purchase one or more ITNs at one of five randomly assigned prices. If the respondent answered 'yes', he was asked how many ITNs would be purchased. While this method is different than most stated preference applications, which value a fixed, D e m a n d for insecticide-treated mosquito nets 327 exogenous quantity of the good, some prior studies have made use of data on quantities chosen by respondents. These studies fall into two categories. The first are travel cost models that estimate count regression models using data on revealed demand for recreation trips (see, Loomis et al., 2000) . The second combines revealed demand with stated preference data in a joint estimation of revealed and stated preference models (see, for example, Cameron, 1992; Englin and Cameron, 1996; Jakus, 1994) . Most of these applications are found in the travel cost literature.
Only one other study, to our knowledge, has asked respondents to choose quantities in a stated preference approach. Niklitschek and Leon (1996) measure stated preferences for an exogenous environmental quality improvement and stated, rather than revealed, demand for beach trips. They jointly estimate a discrete choice model and a linear travel cost model to measure household preferences for water quality improvements. Their results are used to determine beach user fees that maximize aggregate recreational benefits.
Like Niklitschek and Leon, our study will rely on stated or intended demand, but it will not implement a joint estimation. Also, recognizing the discrete nature of the data, we use count regression models to estimate a Marshallian demand function. The WTP measure from the estimated Marshallian demand function is not a Hicksian benefit measure. Willig (1976) 
Study site and research design
The data used to estimate the demand for ITNs were collected in 1997 in Tigray, a province in northern Ethiopia. The main activity in Tigray is subsistence farming; however, the low productivity of the soil and lack of adequate rainfall have resulted in chronic food shortages.
The climate in most of Tigray is marginally 'suitable' for malaria, meaning that malaria may follow strong seasonal cycles with great inter-annual variation (Ghebreyesus et al., 1996; MARA, 2001 ). In areas with this transmission pattern, malaria affects adults and children equally. Microdams, which have been constructed in Tigray to provide water for crops, have exacerbated malaria by providing a breeding ground for mosquitoes.
Approximately 900 households in 18 villages were surveyed to assess the demand for malaria prevention and to compute the medical costs and productivity losses associated with the di~ease.~ The head of household or their spouse was asked to identify the symptoms associated with malaria and was asked how the disease was transmitted and how it could be prevented and treated. Respondents who were familiar with the disease were asked to describe their family's experience with malaria during the last two years5 This included a detailed description of the respondent's most recent malaria episode, as well as the most recent malaria episode experienced by a teenager or child in the family. These descriptions included information about treatment, treatment costs, lost work time, caretakers' time, and intra-household labor substitution.
Approximately one-third of respondents (279) living in six of the villages were asked whether they would purchase one or more ITNs for members of their family if ITNs were to become available. The bedilet scenario coupled an explanation of how using a bednet reduces the probability of contracting malaria with an actual demonstration of a double-size polyester bednet impregnated with 1 per cent Deltamethrin. Respoildents were then presented with information about annual re-impregnation of an ITN over its four-year expected life and were told that they could spread payments for the bednets over four months. After being reminded that other measures could be taken to prevent malaria, such as draining standing water and/or taking medicine as prophylaxis, the respondent was asked if he would purchase one or more ITNs at one of five randomly assigned prices. (Prices ranged from US$l to US$16 per bednet.) The highest price is based on an estimate of the charge that would be needed for full cost recovery of an imported ITN. If the respondent answered 'yes', he was asked how many ITNs would be purchased. The survey ended with questions about the family's socio-economic circumstances, including education, occupation, income, assets, and housing construction. Table 15 .1 shows the sample means. 
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The remaining two-thirds of respondents (569) were asked whether they would purchase one or more hypothetical malaria vaccines for members of their family, if such a vaccine were to become available. These responses are analysed in Cropper et al. (1999 Cropper et al. ( , 2004 .
Malariain Tigray
Our survey was conducted in villages where malaria follows a seasonal pattern, with peak transmission occurring just before harvest (i.e., after the rainy season) and, to a lesser extent, during the rainy season. Government malaria control activities include spraying in outbreak areas, encouraging communities to drain ditches of standing water, and training volunteer community health workers to recognize and treat malaria with chloroquine.
Seventy-eight per cent of the 848 respondents in our sample said that they had been ill with malaria at some time in their lives, with 58 per cent reporting at least one episode of malaria in the last two years6 Fifty-three per cent of respondents said that at least one other adult in the household had experienced malaria in the last two years, and 49 per cent of respondents said that at least one child or teenager in the family had experienced the disease within the last two years.
Cost of illness estimates
The costs of illness (COI) measure the out of pocket expenditures7 plus the productivity losses (proxied by lost wages)8 associated with an episode of malaria. The COI associated with an average episode, depending on productivity assumptions, ranges from USS7 to US$24 for an adult and US$7 to US$12 for a child.9 If we compute the COI for each household and average thisvalue across all households (including those with no malaria), the annual per household COI ranges from US$31 (assuming productivity losses of US$1 per day) to US$9 (assuming productivity losses of US$0.5 per day).
These results are comparable with most of the other published COI estimates from areas like Ethiopia that face an unstable, seasonal malaria transmission pattern. Other studies' estimates range from US$3 in Pakistan (Kahn, 1966) to US$16 in Sri Lanka (Konradsen et al., 1997) , and US$18 in Chad (Sauerborn et al., 1991) . (The estimates from Pakistan are likely an underestimate because the data on the number of cases and the costs per case are taken from national statistics on the formal health care sector.)1°
To place these numbers in context, we computed household income as the sum of the value of agricultural output, off-farm earnings, and the annualized value of farm animals. Average income is US$220 per household per year, implying that as much as 14 per cent of income is lost to malaria annually. This figure does not include the cost of activities that are undertaken to prevent the disease.ll Table 15 .2 shows the number of bednets households which said they would purchase at each price. Quantity demanded is clearly sensitive to price: the percentage of households who declined to purchase nets increases from 19 per cent at a price of US$1 to 63 per cent at a price of US$16. The percentage of families who said they would buy two or more nets also declines monotonically as price rises. A rise in price from US$ I to US$3 and from US$3 to US$6, however, increases the percentage of families purchasing one net. Families who would buy two nets at a lower price would buy only one net at higher prices.
Empirical analysis of ITN demand

I Description of responses
One reason for analysing bednet demand is to predict the number of households who would purchase bednets at various prices For example, Table 15 .2 can be used to predict the fraction of households who would buy a bednet at a price that would permit cost recovery. It can also be used to determine what price would induce a desired fraction of households to purchase nets. Figure 15 .1 illustrates the number of bednets that would be purchased in a village of 200 households, assuming that these households have the same characteristics as those in our sample (e.g., average household size is five). At a price of US$6 per net, for example, 166 nets would be purchased. Calculating the number of people in the village who would be covered at this price requires an assumption about the number of people who sleep under a net. If this is two, then one-third of the population of the village would sleep under insecticide-treated nets at a price of US$6 per net.
Estimation of household demand functions for bednets
Count data models are appropriate in this case, since households buy a non-negative integer quantity of bednets. Table 15 .3 presents estimates of Poisson, Negative Binomial, and Truncated Poisson models of the demand for bednets. The Truncated Poisson model imposes on the Poisson model the constraint that a household will never purchase more than n12 bednets. Dernnnd for insecticide-treated mosquito nets 33 1
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Figure IS. I Demand for bednets in 200 household villages in Tigray,
Ethiopia
The theoretical model described in Section 15.2 suggests that the number of vaccines purchased should depend on vaccine price, household income, and family size. It might also depend on family composition, i.e. on the number of adults, children, and teenagers in the family, and on the characteristics of the respondent -gender, age, marital status, and educationwhich may influence his taste for health-related goods. We measure education by whether the respondent can read a newspaper. Income, which enters the demand function in log form, is made up of three components: annual gross crop income, the annualized value of livestock holdings, and reported annual off-farm wages. Since 28 per cent of observations on off-farm wages are missing, we replace missing values with zero and then include a 'missing wage' dummy variable, equal to one if off-farm income is not reported.
The demand for the vaccine should also depend on the incidence of malaria in the area and on family members' susceptibilities to the disease. We proxy malaria incidence by village altitude. We proxy household susceptibility to malaria with a variable that measures past experience with the disease. Specifically, we sum the number of malaria episodes that members of the household experienced during the last two years, weighting each episode by the average age-specific cost of treatment. This is the household's direct COI. Household size is measured by a series of dummy variables, because the number of bednets respondents say they will purchase does not increase linearly with household size.
The only variables whose coefficients are significantly different from zero are price, income, and age of the respondent. Price is strongly significant in all three models. Income is marginally significant in the Poisson and Negative Binomial models, as is respondent age. The income elasticity of demand for bednets is low: a 10 per cent increase in income increases the demand for bednets by only 1 per cent. Older respondents have lower demand than younger respondents do. The lack of significance of so many explanatory variables in these models is due in part to small sample size (279 households). Nevertheless, we believe Table 15 .3 indicates that we probably have accurate estimates of the impact of price on the purchase of bedneta, which is most likely the variable of greatest policy significance. Table 15 .4 compares the performance of the three models in predicting within-sample behavior. A likelihood ratio test fails to reject the null hypothesis that the data follow a Poisson distribution. Since the Poisson model is a special case of the Negative Binomial model and the Truncated Poisson model, it is not surprising that the three models produce similar results. All models over-predict the number of households purchasing zero bednets or one bednet and underpredict the number of households purchasing two or more bednets. This suggests that, for purposes of predicting bednet purchases, it is better to rely on the raw data in Table 15 .2.
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Willingness to pay for bednets
Our estimates of bednet demand can also be used to compute the household's total willingness to pay for a given number of nets. To illustrate, suppose that a donor were to provide enough bednets to protect all persons in a village. What are the economic benefits of such a program? The value to a household of owning x nets (its total WTP for the nets) is the area under its demand curve between 0 and x nets. Thus, the value of the program would be the sum of each household's total WTP for the nets it received. Assuming that each household received n/2 nets, mean and median household WTP for bednets are given in Table 1 5.5.12 These benefit estimates are difficult to compare with the other two benefit estimates measured in this study: C01 and WTP for a hypothetical malaria vaccine. While WTP for ITNs lie in the range of annual household COI associated with malaria, these values are difficult to compare because COI indicates the benefits of eliminating malaria for one year, while ITNs reduce, but do not eliminate, risk for four years. Average household WTP for a hypothetical malaria vaccine that is 100 per cent effective for one year is estimated to be US$36 per year (Cropper et al., 2004) . Thus, mean WTP for ITNs (US$22 for Truncated Poisson) is 60 per cent of mean WTP for vaccines. The difference between these estimates may be partially explained by the fact that, although bednets are a durable good with a four year expected lifetime, they provide only partial protection against malaria. Moreover, they require some effort to use."
Policy implications of the results
These results can assist decision makers seeking to maximize health given a fixed budget by illustrating the tradeoff between public expenditures and bednet coverage. It has been estimated that the supply price of an ITN is about US$16. At this price, however, 63 per cent of households in Tigray would buy no bednets. Figure 15 .1 plots the number of ITNs purchased at each of our sample prices, and connects these points. The figure shows that only 200 persons in a village of 200 households (1000 persons) would be protected by bednets. At a price of US$l, about 340 bednets are sold and 680 persons (68 per cent of the population of the village) would sleep under a bednet. Since the revenue from selling 100 bednets at US$100 per ITN is almost four times as great as the revenue from selling 340 'bednets at US$ I per ITN, there is clearly a tradeoff between coverage and profit maximization, were ITNs to be sold as private goods. Indeed, our estimates of demand for ITNs imply that the possibility of distributing the bednets through the private sector is slim. These results are due to a relatively steep demand curve -implying that, as the price of ITNs fall, the number purchased increases, but gradually. Households' mean WTP for n/2 bednets as a percentage of income (8 per cent) is twice as large as intended bednet expenditures as a percentage of income (4 per cent or less). The policy implications of this result are Demand for insecticide-treated mosquito nets 335 that, while the benefits from allocating resources to bednets are large, it will be difficult to achieve significant market penetration unless the price is subsidized.
To compute the private benefits of free ITNs, we compute the consumer surplus that each household would receive if it were given x bednets. This is approximated by the area under the household's demand function between 0 and nl2 bednets. The average annual household benefits from bednets are US$2&22. Summing these benefits over the 279 households in our sample yields total annual benefits of US$558&6138. The costs of this program to the public health agency would equal the number of bednets provided (i.e., one-half of the number of people protected, since ITNs protect at least two people) times the subsidy per bednet. If the subsidy is set so that the price per bednet is about US$9 or less, then the program yields positive net benefits.
Conclusions and generrlizability of the results
This chapter illustrates how the results of a welfare economic study can assist decision makers seeking to maximize health given a fixed budget. The study is one of the first to use a stated preference method asking respondents to choose the quantities of good that they would demand. Typically, stated preference methods measure respondents' preferences for a fixed quantity of a good. The modified stated preference approach permits straightforward estimation of the market demand function. Our estimates of the household demand for ITNs have three policy implications. First, the estimated ITN demand curve is such that, even at low prices, many households would not purchase bednets. For example, at a price of US$l , one-fifth of all households in Tigray would purchase no bednets. Second, there is a sharp trade-off between cost recovery and assuring that a significant fraction of the population receives protection from bednets. Third, the shape of the demand curve implies that, even though few bednets are purchased, consumer surplus from bednets is high. This implies that the net benefits from donor-sponsored bednet distribution could be positive, even though few households would privately purchase ITNs.
To what extent are these results likely to apply in other parts of Africa? Malaria is a disease that varies widely in its incidence and in its pattern of transmission. In many parts of Africa, malaria is endemic: transmission is perennial and most adults experience at least one episode of the disease each year. In these areas morbidity and mortality from malaria are highest among groups having low immunity, such as infants and children. In areas where malaria follows an unstable, seasonal transmission pattern, such as Tigray, the working age population suffers more episodes of malaria relative to perennial transmission, and the income losses due to malaria are greater. For these reasons, one must be cautious in transferring results from Ethiopia to the rest of sub-Saharan Africa. , 1996) . By contrast, risk of death from other causes is 160 per 10000 people. 3. There is a distinction between (I) theeconomic value of an exogenous change in malaria exposure (e.g., vector control program) that causes a risk reduction equivalent to the risk reduction achieved by the ITN and (2) theeconomic value of the risk reduction achieved by the ITN. The former can be measured by the change in expenditure on a private good that is a pure substitute for malaria exposure (i.e., thearea under the price and to the left of quantity). However, this substitution method is invalid for non-marginal changes in exposure (Freeman, 1993) . Thelatter, which is measured in this study, is theareaabove the price and to the left of quantity. 4. A detailed description of the project and its results may be found in Cropper et al. (2004) .
5.
Of 889 respondents who received our questionnaire, 41 were not familiar with malaria.
These households were dropped from the sample. 6. These figures measure self-reported malaria. Only 164 respondents said that they had ever had their malaria diagnosed with a blood test. 7. These include the costs of medicine, fees paid to health care providers, and the costs of traveling to health care providers 8. The total number of workdays lost by all family membersduring amalariaepisode equals thenumberof workdayslost by thepatient,plus thenumberof daysother family members stopped their normal activities to takecare of thesick patient, minus the number of days other family members substitute for the sick patient at work. The net number of workdays lost to the family is, on average, 21 days for an adult episode of malaria, 26 days for a teenager's episode of malaria, and 12 days for a child's episode of malaria.
To compute the average private cost of an episode of malaria, workdays lost must be valued and added to the private costs of treatment. A workday lost by an adult is valued at the daily wage of an unskilled laborer (US$I). Teenagers are assumed to be half as productive as adults, and children half as productive as teenagers. 9. At the time of the study, US$l =Birr 6.3.
10. See Hammer (1993) , Gomes (1993), and Mills (1991) for thorough reviews of C01 due to malaria. 11. Eighty-four per cent of respondents (7121848) said that they drained areas near their home of standing water to prevent malaria transmission. Seven per cent of respondents took chloroquine prophylactically.
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12. When not an integer, nl2 was rounded down to the nearest integer. 13. Mills (1998) 
